Historic, archived document 


Do not assume content reflects current 
scientific knowledge, policies, or practices. 


meen te 


a os 


dips 


ds en Ree ote Cos =) 
Pathe darren eer rpm omcee Sete ey 


x a eak Druk 573 SP dt, bisa : : TT “ 
“ : 
dint "9 Seed CAT ay at eeeeh retin ay Ck eee ee ARR re ah a 5 LT 
Ee: a a leo od POA ae liana) / 
ms HER | ; ; ar 


th Erhan payee RRO TY Be aa Eee Pe 


rae mend 


me hii, ee Det bil ian aaa 


Ae wa 


Contribution from the Bureau of Chemistry 
W. G. CAMPBELL, Acting Chief 


i Washington, D. C. Vv January 9, 1922 


a 


‘THE RAT.’ 


‘THE RELATIVE TOXICITY OF STRYCHNINE™TO 
| bined 


| ; 
By Eric W. ScHwartzk, Pharmacologist in Charge, Pharinacological 
Laboratory. GB y: 


4 CONTENTS. 


Page. Page. 
' Purpose of investigation_______-_- 1 | Results of experimental work—Con. 
Results of previous investigations_ 1 Effect of age or development 
_ Pharmacological action of strych- upon toxicity of strychnine_ 12 
, piricrest kn. Many ea re 2 Disposal of strychnine________ 12 
_ Experimental procedure__________- if Relative toxicity of strychnine 
Results of experimental work: to ground squirrels, mice, 
Toxicity of strychnine admin- ALGAAS SP MEP UNE St ALR 14 
istered subcutaneously______ 8 | Strychnine baits____ ce poe 15 
Toxicity of strychnine admin- SUMMary ss ee a to Eta 17 
PNECrOCOM Ord Myer es = oe Oe | Aer AIRE Clie dais se aes ee 18 
Toxicity of diatomaceous earth 
preparations of strychnine __ 11 


PURPOSE OF INVESTIGATION. 


Strychnine, which heretofore has been regarded with little favor 
as a poison for rats, was selected as the second of a series of such 
substances to be studied in the Bureau of Chemistry. The work was 
designed primarily to ascertain the toxicological conditions under 
which strychnine will prove efficient and to determine the minimum 
amounts of this comparatively expensive drug which are required to 
kill rats. 


RESULTS OF PREVIOUS INVESTIGATIONS. 


The literature pertaining to the pharmacology of strychnine is 
very extensive, but only a few investigators have chosen the rat as an 
experimental animal. Allard (1)* cites Savory, who is said to have 


1 The experiments discussed in this bulletin constitute the second of a series dealing 
with substances employed as rat poisons. The first, on barium carbonate, was issued 
in 1920 as Department of Agriculture Bulletin 915. 

2 The figures in parentheses refer to ‘‘ Literature cited,’ at the end of this bulletin. 
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killed a rat with 1 milligram of strychnine injected per rectum. 
Hunt* found the lethal subcutaneous dose to be 3 milligrams per | 
kilo, and reported (12) that the toxicity of strychnine remained con- 
stant under thyroid feeding, a condition which appreciably infliu- 
enced the susceptibility to some other substances. No references 
giving the oral lethal dose of strychnine were found, although many 
articles deal with its use as a rat poison. Rucker (21) states that 
poisoned grain is of little use because of its bitter taste. Boelter 
(3) says that “ with a poison such as strychnine as the active in- 
gredient, mice, as a rule, die on the spot, while rats die in their 
holes.” : ; : 

In a previous communication (23) it was shown that the efficient 
concentration of barium carbonate in a rat bait is equal to three 
times the lethal dose contained in a meal of average size. This 
method of calculation, however, does not seem to be applicable. to 
strychnine at present, because of the fact that, according to previous 
investigators, rats refuse to eat bait containing it. It has been shown 
also (23) that soft, mealy food is consumed by rats more quickly than 
grain or dog biscuit. Whether or not the rapid eating of a bait has 
any practical significance other than to favor the chances for the 
ultimate consumption of a fatal dose of a particular strychnine bait 
apparently has yet to be determined. 


PHARMACOLOGICAL ACTION OF STRYCHNINE. 


The story of the action of strychnine is one of the most interesting 
in the field of comparative pharmacology. Although strychnine 
possesses the properties of a general protoplasmic poison, it is im- 
portant chiefly for its marked selective action upon the central 
nervous system. Its ability to pervert the function of the segmental 
reflex mechanism is general in the case of all vertebrates thus far 
studied. The earthworm (13), the simplest form in which neurone 
synapses have been described, has also been shown to give the typical 
strychnine spasm. This perversion, frequently termed the abolition 
of reciprocal innervation (27), consists in the destruction of that 
function which permits the release of opposing muscles when certain 
other muscles perform a motion. Under the influence of enough 
strychnine, all musculature tends to contract simultaneously, produc- 
ing a muscle-bound condition. The position assumed by the poisoned 
animals is that which results from the action of the stronger or 
sometimes the more advantageously situated sets of muscles. 

While this perversion of function has been preserved in verte- 
brates throughout evolution, from time to time certain changes have 


2 Personal communication from Dr. Reid Hunt, Boston, Mass. 
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occurred. The size of the dose of strychnine required to produce 
death tends to decrease as the evolutionary scale is ascended. Un- 
explainable differences, however, are reported between the more 
closely related species such as rats and mice (Table 1). On the 
other hand, a low resistance to strychnine is found (25) in animals 
having a higher morphological type of pyramidal tract in the spinal 
cords (rabbits, cats, and dogs). 


TABLE 1.—WSpecies tolerance to strychnine salts (minimum lethal and sublethal 
subcutaneous dose). 


Usual sub- Usual 
Animal. lethaldose, | lethal dose, Citation. 
per kilo. per kilo. 


A Teli Milligrams. 
nD 


IRC leno a tel Se = ae eee 3.0 to 3.5 Table 4. 
int 4455.5 ie Se EN CS ae Oe Oe eer ae 2.0 3.0 Hunt (12).! 
WU RG ha = AS JRU Res ASS IR 8 1.2 Do. 
1D) ohh 2k hb pe ee Oe es . 76 .77 | Falck (6).2 
Re rete ede ee oe Bs Eg 1.5 Page 14. 
SEINDEAIDIE Sts See ee ey rast he Sth 3.4 3.41 | Falck (6).2 
DIP ie ae Ae ee 2.5 3.0 to 3.5 Hale (9). 
TDG sb ues 2B Oee eae Oo ere ree ee) (ep ee ee 4.4 Hatcher and Eggleston (11). 
LES ONT E UA fe ete Saal it en eae 0.4 a) Hare (10). 
LOS Reed ee Eee Se Ge ae eae Ree Dea 0.45 to 0.50 | 0.55t00.60 | Meltzer and Salant (16). 
IG) 2 Ate A ee eee er ee eee .57 | Falck (5).2 
07 ie eee cee See Go 5 aa tS ee 0.35 .40 | Cutler and Alton (4). 
IDPS ce Eee ee Ss Se SE a es 0.32 to 0.384 | Hatcher and Eggleston (11). 
fe eae ome ne das. ee oc ie Sane ee eee Pa er 0. 35 to 0. 42 Do. 
Nees ee SO as ek eee OQESON sete Sane Hale (2). 
SEN ECU CF .1y 17, Ee See 6 a Be 0.6 to0.7 | 0.7 upward. | Table 8. 


1 Personal communication from Dr. Reid Hunt. 

2 The salt administered by Falck was the nitrate. All other observers used sulphate. 
Ieee aye there ceheontccniculuied. nosmallerdacayesetneceantbars 
are for a solution containing 0.1 per cent of the alkaloid, the higher dose for 0.01 per cent solution. 

The results from the type of experimentation shown in Table 1 
are subject to fewer disturbing factors, so far as strychnine is con- 
cerned, than those from either the intravenous or gastro-intestinal 
methods of administration (11). These data, therefore, may be 
taken as representing the true species tolerance. 

That the temperature of the environment also is an important 
factor is shown by the results of experiments on cold-blooded ani- 
mals, in which it is easily possible to obtain a range of temperature 
amounting to 25° C. (29). Spasms occur more readily in frogs kept 
at 5° and at 30° C. than in those kept at 15° C. (7). The type of 
spasm also varies with the temperature. While frogs held at low 
temperatures have periods of long-continued tonic spasms, lasting 
sometimes for days, and separated by intervals of incomplete relaxa- 
tion, those held at 30° C. undergo short spasms with more complete 
intervening relaxation. The short spasm, with practically complete 
relaxation, therefore, is the type observed in the homothermal, or so- 
called “ warm-blooded ” animals, which have a temperature-maintain- 
ing mechanism. Hibernation may directly affect the toxicity of and 
the behavior toward the drug, thus offering a possible explanation 
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of the discrepancies between the results of various observers (19), 
(30) on the hedgehog. Different batches of frogs sometimes vary 
in sensitivity toward strychnine. Neither the relation of this varia-— 
tion to the temperature and season nor the range between the con- 
vulsive and lethal doses has been determined. 

The respective tolerance for any species of the adult homothermal 
mammals thus far studied has not varied markedly, the data reported 
in the literature by investigators who employed accurate methods 
agreeing very closely. Hunt and Seidell (12) have shown that while 
the tolerance of rats and mice to morphine varies with the dietary 
conditions, the toxicity of strychnine remains constant. Judging | 
from the reliable data in the literature, no variation in the toxicity of 
strychnine caused by either diet or season occurs in other ‘“ warm- 
blooded” animals. In fixing the lethal dose, however, it would be 
advisable to perform many series of experiments, under suitable con- 
ditions, to rule out individual dietary and environmental factors. 

Another modification which has occurred in the course of evolu- 
tion is a tendency for a decrease in the number of spasms preceding 
death. Lower vertebrates, certain low mammals (24), and some very 
immature higher mammals (2), (5), (6), (15), (25) have multiple 
spasms preceding death. In certain immature mammals of the 
higher order a wide range between the convulsive and lethal doses 
exists. Very young animals are comparatively resistant to asphyxia 
and recover their ability to breathe more easily than mature mem- © 
bers of the same species. On this account they can endure more suc- 
cessfully a large number of convulsions. This explanation, however, 
probably is not entirely adequate, for the reason that other character- 
istics differentiate the immature from the mature mammals here 
considered. 

The size of the effective dose changes with the age of the mam- 
mals of certain species (25). At birth the mouse, rabbit, cat, and 
dog possess a natal immunity against the fatal action of strych- 
nine, in this respect resembling the lower forms of animal life. 
Upon further development, however, this resistance is lost. After the 
decline of this resistance in the mouse a post-natal immunity, which 
reaches its limit about the time of sexual maturity, develops. The 
guinea pig also develops such a post-natal immunity, but, owing 
to its relatively mature state at birth, the decline of the nae im- 
munity seen in other animals presumably is eclipsed by the period 
in utero. The cat, dog, and rabbit apparently develop no post-natal 
iunmunity, the adult lethal dose remaining at about the level to which 
the natal resistance declines. 

Strychnine differs from many other poisons in that the body dis- 
poses of it very rapidly. The fact that small amounts of strychnine 
may appear in the urine for several days after its administration 
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does not necessarily signify a protracted period of danger or a 
marked increase in susceptibility of the individual to immediate sub- 
sequent poisoning. Hatcher and Eggleston (11), who have shown 
that the protective mechanism of the animal consists chiefly in the 
wbility of the organism quickly to destroy this drug within the 
tissues, found the following coefficients of disposal, which are ex- 
pressed in terms of the percentage per hour of a minimum subcuta- 
neous lethal dose: For the cat, 12 to 25; for the dog, 14 to 17; and for 
the guinea pig, 18 to 57. These coefficients represent the conditions 
found when the strychnine is maintained somewhere in the neigh- 
borhood of the lethal concentration and not absolute hourly decre- 
ments when only a single subcutaneous lethal dose is given. — 

Under ordinary circumstances, in case of survival of the animal, 
strychnine is completely absorbed from the gastro-intestinal tract 
(12), but the exact réle played by the stomach has not yet been 
determined. Although this organ is not endowed with general 
absorptive properties, it has been shown (22) that strychnine can 
be absorbed from the mucosa of Pawlow stomach fistule in dogs. 
However, a fatality from the administration of the minimum oral 
lethal dose of strychnine to an animal. such as a dog or cat, which 
usually has an empty stomach, in which the absorption of the entire 
dose is through the stomach mucosa, remains to be demonstrated. 
Nevertheless, it is possible that the absorption of the effective portion 
of the dose may occur in some instances chiefly or entirely through 
the gastric mucosa, particularly when the dose is very large. 


TABLE 2.—RFelation of the oral to the subcutaneous lethal dose of strychnine 
sulphate. 


Oral Subcuta- 


Animal. lethal dose 1 rate A Ratio. Citation. 


per kalo. per kilo. 


GUNG PlPmereasee sy aces eo 25. 310 tol | Hatcher and Eggleston (11), 


Mery oh ieee Oe oe ce USE Fa oo ae a Gee ey ee ee Dee 7 tol | Nobecourt (18). 

OC AER ARE aie a Nal ee A a 24.48 23.84 | 21.20 tol | Hatcher and Eggleston (11). 
Ders. oss Gitar. oh4 ree Be ee 25.4 24.6 - 1.20 tol Oo. 

EE TEIGL GO TTG? Dante ee Sek yee ei (ea re 45to1 |S. E. Piper (17). 


1 Calculated from authors’ data (Table 1). 

2 Calculated from authors’ data, 0.0128 per cent strychnine sulphate solution used (Table 1). 
3 Approximate. 

4 Stomach to cheek-pouch ratio for poisoned grain. 

In animals which can be obtained with empty stomachs, such as 
the cat and dog, the ratio of the oral lethal dose to the true species 
tolerance is very small, whereas in rabbits and guinea pigs, which 
have food continuously present in the stomach, it is extremely high. 
Presumably the rat would fall automatically into the second class, as 


the poison is to be administered in the food. This extreme point of 


- 
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view must be taken to eliminate the influence of occasional adverse 
circumstances, such as food within the stomach ingested before the 
poisoned bait is eaten. 

A large area of squamous mucosa occurs in the cardiac end of ‘the | 
stomach of the rat as a continuation from the esophagus. If this 
has a favorable influence upon lowering the oral lethal dose it has not 
‘yet been shown. Such an influence should be considered, because - 
much less strychnine is required to kill ground squirrels (Cétellus 
beecheyi) when taken into the cheek pouches on grain* than when 
taken into the stomach either on grain or in solution. 

Death from strychnine is due to asphyxia, which is the result of 


respiratory paralysis, the heart usually beating for some time after 


the spasms have abated. If a lethal dose has been given to an adult 
higher mammal, several spasms as a rule are sufficient. If the ani- 
mal recovers from the initial spasm, it usually dies from a second 
or even a third. Instances of multiple and repeated attacks of 


spasms deserve investigation from the standpoint of their prevention 


by suitable environment. Life may be prolonged and sometimes 
saved by deep anesthesia. Githens and Meltzer (8) obtained some 
recoveries from twice the lethal dose by the use of intravenous in- 
jections of Ringer solution, together with intratracheal insufflation. 
Presumably the advantage was double in that strychnine was elimi- 
nated at a relatively rapid rate in the urine on account of the diuresis 
and destroyed in the tissues at the usual rate. In the meanwhile 
the artificial respiration saved the life of the animal until the 
strychnine had been reduced below the absolute lethal amount. 

Because of the relative suddenness of intoxication and the quick 
termination, remedial therapeusis in man ordinarily fails of an 
opportunity for use. Severe spasms in themselves are not neces- 
sarily a cause of death, as is shown by their occurrence in tetanus. 
Practically, however, it is possible to hasten death by producing 
them, or delay it, either by warding them off or by shortening them 
by the use of anesthetics. For this reason therapists have recom- 
mended anesthesia, together with absolute quiet. The reflexes re- 
sulting from the least noise or draft of air may inaugurate the vicious 
cycle of spasms. 

On the other hand, the outcome in children, who are supposed to 
be more resistant than adults (28), seems less hopeless. A child (4) 
who apparently recovered after receiving an intraspinal injection 
of magnesium sulphate behaved in many ways like the infant ani- 
mals. Even though lethal doses be administered to young animals, 
death is delayed. Life is prolonged thereby until suitable remedies 


4Unpublished results of S. E. Piper, Bureau of Biological Survey, U. S. Department 
of Agriculture. : 
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can be applied. Cutler and Alton (4) also successfully treated 
grown cats by the same method for exactly the minimum fatal dose 
of strychnine. The time element renders the practical application 
of this less favorable in adults than in infants. The use of mag- 
nesium sulphate is accompanied with some danger, which also pre- 
cludes the use of this procedure unless previous experience in its 
application has been had. 


EXPERIMENTAL PROCEDURE. 


Throughout the course of this investigation strychnine has been 
considered from the angle of comparative pharmacology, the reason 
being that at some future time this drug may be more widely em- 
ployed in poisoning animals than at present. Moreover, the rela- 
tion of one species to another offers a more tangible basis for illustra- 
tion than abstract data representing the lethal dose for rats. At the 
same time this is a very suitable plan from the aspect of the drug 
itself in that it has been used extensively as an experimental means 
in biology. 

The brown and the white strains of Rattus norvegicus, as well as a 
few mice and ground squirrels (Citellus richardson), were employed 
for the experiments herein reported. 

Two preparations of strychnine, one of free alkaloid and one of 
sulphate, tested and found to be free from brucin,® were used. The 
free alkaloid was passed through a sieve having 100 meshes to the 
inch. ‘Two preparations of the adsorption combination of strych- 
nine sulphate with diatomaceous or infusorial earth, found by the 
Kjeldahl analysis® to contain the amount of the alkaloidal salt 
stated on the label, were used. Standard 0.1 per cent strychnine sul- 
phate solution was made up in physiological salt solution on the day 
of the experiments, lower dilutions being made as required from a 
freshly prepared 0.1 per cent solution. Thick cornstarch paste was 
taken to maintain a uniform suspension of the free alkaloid and of 
the infusorial-earth preparations. ‘These suspensions were prepared 
in a small mortar, made up to volume in a 100 cc. volumetric flask by 
the starch paste and water washings from the mortar and thoroughly 
shaken. Amaranth, which in the concentration employed did not 
form a visible precipitate with strychnine, was used in some ex- 
periments for tracing the course of strychnine in the gastro-intestinal 
tract. 

Injections into the stomach were made with a smal] hard-rubber 
urethral catheter, fitted over the outlet of a record syringe. The 
measurement of the starch-paste suspension therefore was by differ-. 


5H. E..Buc, formerly of the Bureau of Chemistry, made the tests. 
6L. J. Jenkins, of the Bureau of Chemistry, made the analysis. 
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ence. Suitable amounts of starch-paste suspension containing the 
suspended alkaloid were driven into a Kjeldahl distillation flask 
through this tube by the syringe, and were found by analysis to con- 
tain practically the theoretical amount of nitrogen.’ . 

Preliminary light ether anesthesia was employed in all the stomach 
tube and in a few of the subcutaneous injection experiments. The 
- anesthesia passed off very soon. Subcutaneous injections were made 
under the skin of the abdomen. Young white rats of known age 
raised in the laboratory were used for testing the effect of age upon 
the size of the lethal dose of strychnine. AI] rats were put in small 
cages which were inverted to give the animals a better opportunity of 
grasping the wire netting with their toes. This procedure was 
adopted because it was found that rats kept in large cages sought the 
wire netting to endure their period of strychninization. Rats kept on 
metallic-sheet cage bottoms very easily lost their footing and had 
more frequent spasms. Autopsies were sometimes performed to as- 
certain the course of material injected, as well as the precision of some 
of the injections. 

Table 3 gives data showing the relation of the alkaloid to its salts, 
as well as solubility data. Under some circumstances it might not be 
necessary to regard small differences in the percentage of strychnine 
in any one of its salts, but in this case it merits consideration. 


TABLE 3.—Relation of strychnine to its salts and their solubility in water. 


Mat x 3 oa quiva- ; 
fTolecu- ontaine ent of Pian 
Preparation. lar strych- | strych- Solulsilite, 
weight. | nine. nine |? . 
sulphate. 


Per cent. | Per cent. 
78 100 


Sirychnine' sulphate: re eee a eee ee | 856 lin 32. 
Siry. chnin @MitTates yjssee ee eee ee eee ee ee 397 84 108 | lin 42. 


Siry chine alkaloid > 5." 9 eoee eee was eee ee eee 334 100 128 | 1 in 6,420. 


1U.S. Pharmacopeeia, IX. 
RESULTS OF EXPERIMENTAL WORK. 


TOXICITY OF STRYCHNINE ADMINISTERED SUBCUTANEOUSLY. 


The results of the subcutaneous administration of strychnine sul- 
phate (Table 4) shows that the rat is exceedingly resistant to 
strychnine, being only slightly less immune than the guinea pig and 
very much more resistant than the rabbit, cat, dog, and ground 
squirrel (Table 1). The fact that the wild rat appears to be slightly 
more resistant than the white rat may be only apparent and due to 
the experimental error. The mortality in the white rat experiments, 
which make up Series F and which were performed on different 


7™L. J. Jenkins, of the Bureau of Chemistry, made the analyses. 
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days, varied from 20 to 50 per cent. The mortality from the ex- 
periments on wild rats (Series D and FE) falls within this range. 
Moreover, the white rats received slightly larger doses, since they 
ordinarily possess much more body fat and have more material in 
the gastrointestinal canal than the wild rats in captivity. Moreover, 
the white rats used were raised under the best conditions, while the 
skin of wild rats frequently becomes thickened and tough, which may 
have had some part in delaying absorption of the drug. 


TABLE 4.—To.vricity of strychnine sulphate for rats administered subcutaneously 
in 0.1 per cent concentration. 


Rats. 
Light Tot Dose Pea Epes ve 
Bevios fc cetapinai aan lk Giises: Weight per Surv i- | Fat ali- Mortal- 
Nar eS thesia range. realest vals. ties. ity. 
GBr | Idind. 
| Milli- Per 
| Grams. qrams. | cent. 
1 AC SRS ST ae ee a Sa Se Waldess = Me aoe 140 to 290... . 250 Sal escrd Raley cake 
Ee Ree Oe 7M EN ANG lee Be ReSE ene 168 to 300...- 225 fel she een () 
Oe Bee see eee ee PAAVEN A SUIKG ges rel IN Our ae 251 to 284... . DANG 2 Ie een epee (4) 
ae ne Ae Re. oy aa TOA SW ee : wesee eee 90 to 330... 3.0 8 2 20 
DE Sh. Ei ay ae ae ee 6 | eWald: =... INOsstese 140 to 290.... 3.0 5 1 217 
Teen a ead Sn eet ge tea eh AS ie Wihitte se 1) NOL. = 175 to 370..-- 3.0 26 17 3 39 
(Cs el Baty ot Zc ea 13 | WWnteS “TaN oss. os 22 203 to 290. -.. Bae, 3 10 77 
Ree meee te eee eee we moa ke bool be Wl KG ees ae MeSi. tole 126 to 404..-- aD 4 10 473 
| dee P(e Ul Reed Oe ad IR Ue A Al be Ferner INOBE ee 85 to 340... 325 1 11 5 92 
teen ee ee ON VlItess oe ONOss eo. 200 to 354... . B55) i 4 80 
8 AO eee eee Pee ee | OMEN A cht te ae etal | NOE eee 200 to 296. ... ALO} as se sae 9 100 


1 No spasms occurred, but some animals were hyperexcitable. 
2 Only two rats had spasms. 

3 These animals were used for disposal tests, vide infra. 

4 Prespasm period, average 21 minutes; premortal period, 13 to 60 minutes, average 35 minutes. 

5 Prespasm period, average 17 minutes; premortal period, 17 to 55 minutes, average 33 minutes. 

It is not evident that preliminary transient etherization played 
any role in the prevention of fatalities. While there is a slight 
difference in the total percentages between Series H and I, the other 
experimental data of those succumbing in, both series show a re- 
markable agreement. Series D and E showed the reverse, the mor- 
tality being practically the same, but not the time relations. 

The only way to reconcile these slight differences is by regarding 
the experimental error as sufficient to deceive the experimenter 
unless he guards against a too strict interpretation of numerical 
data. This factor of etherization was tested for the purpose of serv- 
ing as a control to the stomach tube experiments, in which it was 
necessary to employ this preliminary step. These experiments show 
that etherization does not exert a lasting effect. If etherization is to 
be used therapeutically, therefore, it should be tried simultaneously 
with the appearance of spasms. 

Under the conditions of the experiments the usually certain lethal 
dose is fairly constant and lies, within a narrow range, between 
3 and 3.5 milligrams per kilo. The results obtained in experiments 
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elsewhere reported, in which the cages were not inverted, were much 
less concordant. As a further test, several rats were shaken from 
the sides of the cages to which they were tightly holding, with the © 
production of fatal spasms. These observations on the rat seem to 
be in harmony with the fact that but few investigators have 
mentioned the conditions under which their animals were kept 
during the experimental period. Different conditions of experimen- 
tation may account for a variation in the size of the minimum lethal 
dose and the occurrence of convulsions from a sub-lethal dose. No 
tests were made, however, on other species for the purpose of repro- 
_ ducing some of the inconcordant data in the literature. Although 
rabbits, guinea pigs, and dogs are unable to grasp as well as climbing — 
animals (cats and rats), it would seem advisable in all cases to select 
- an environment offering the opportunity obtaining in nature. 

Since it is possible to produce or hasten death by producing spasms, — 
a few experiments were conducted to see if life could be prolenzed 
by enforcing quiet. Several rats were given 4 milligrams of strych- 
nine sulphate per kilo and placed on a slippery glass plate. In due 
time a sudden jump in the air and violent tonic convulsions resulting 
in death occurred. Previously the rats had stood practically motion- 
less except for the movements of respiration. These results show 
the impracticability of securing survivals from more than a lethal 
dose by maintaining a volitional but forced quiet, because uncon- 
trollable and involuntary motions will occur and start the vicious — 
cycle of convulsions. Nevertheless, adult rats may be more or less 
influenced by the environment of and procedures resorted to in the 
- experiment, and low results may be obtained. 

In the experiments which were performed at various times in the 
year and on rats on different diets, no variation in the size of the 
lethal dose which could be assigned to dietary seasonal infiuences 
was obtained. 


TOXICITY OF STRYCHNINE ADMINISTERED CRALLY. 


Tables 5 and 6 show the results of administering strychnine sul- 
phate and strychnine alkaloid orally.*. The attempt to obtain rats 
with food in the stomach was not always successful, particularly in 
the case of wild rats. While some fatalities presumably were caused 
indirectly by the absence of food from the stomach, as well as by 
accidentally forcing the injected material beyond the pyloris, this 
error is automatically ruled out when the percentage of deaths is 
near the maximum. The.data in the two tables agree in general, in 

8’ For various reasons it was not feasible to depend upon feeding experiments, The 


reliability of the stomach tube as a means to obtain accurate data was shown in @ 
previous report (23). : 
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that from 20 to 25 milligrams of strychnine alkaloid or its equivalent 
in the alkaloidal salt is required to insure a large percentage of 
fatalities. 


TABLE 5.—Towvicity of strychnine sulphate administered in solution by stomach 
tube to lightly anesthetized rats. 


ne nnn ce UE ea Enna EEE EIEEEEEED SEE EEEEEEREREEE SEER a 


l | Nl 
Stryechnine | Dose Survi- | Fatal- | Mortal 
Number of rats. | Kind. | Weight. sulphate received, | eevee ee eee 
solution. per kilo. | Vals. | ities. ity. 
| Per 
Grams. Per cent. | Milligrams. | cent. 
11 Sey re I ey ee | Wala. == 120 to 406 0.1to1.0| 2.8to6.0 13 0 0 
1 fiat a A eR eae tes Ae oe, SO Wald s.. =- 66 to 362 1.0to1.0 10.0 9 5 35 
DAT Lak Ay pe S&S oe tea SWild...... 60 to 334 -5to1.0 15.0 4 9 69 
mt jes ofS ae pee Se eg ee Wilder: 222 46 to 370 -5tol.0 20.0 3 10 77 
Be Bn ie ea oe) WEI GLE e\= == 148 to 220 1.0 25.0 1 3 75 


TaBLe 6.—Tovicity of strychnine (alkaloid) administered by stomach tube to 
lightly anesthetized rats as 1 per cent suspension in starch paste. 


Dose received. 


: ae Calculated | Survi- | Fatal- | Mortal- 
Number of rats. Kind. Weight. Strychnine | asstrych- | vals. | ities. | ity. 
alkaloid, nine sul- 


per kilo, phate, per 
kilo. 


Per 

Grams. Milligrams. | Milligrams. cent. 
770 SRR rs ahs DSO ODOC Coe Wald’. S.< 110 to 404 7.5 to 12.0 | 9.6 to 15.4 11 15 58 
1st SS A Cl ae) 1910 eh 132 to 205 10.0 12.8 3 1 25 
Pasir steicietashe se oes PSC SE Wihite.< =. 172 to 208 15.0 19.2 1 4 80 
NG. Sane cade s aa won beee RENAE or 84 to 385 15.0 19.2 3 15 | 83 
Sis pete Se bbe sa ceese Sek. Ss Wild:. =... 62 to 360 20.0 25.6 1 14 93 
Geto enc Sein amcieeods eine to's Wildes. S..: 160 to 473 25.0 32.0 0 9 100 


TOXICITY OF DIATOMACEOUS EARTH PREPARATIONS OF STRYCHNINE. 


The results of the administration by stomach tube of strychnine 
sulphate combined with diatomaceous earth (so-called tasteless prepa- 
ration of strychnine) appear in Table 7. In this adsorbed form 
_and concentration the toxicity of strychnine was reduced more than 
50 per cent.° Since the alkaloid in this combination is not known 
to be liberated in an acid medium, it probably was not liberated in 
the stomach. Obviously diatomaceous earth would be an imperfect 
antidote for strychnine poisoning on account of the uncertainty of 
-its opportunity to become attached to previously ingested strychnine, 
as well as the uncertain stability of the substance when formed. 


9 These results were obtained with preparations containing from 6 to 8 per cent of 
strychnine sulphate. It is possible, however, that much larger quantities of strychnine 
could be placed in preparations of this type, with no practical effect upon their palata- 
bility, but with an increase in the potency of the strychnine actually present. This 
possibility may be explained by the supposition that the ease of liberation of the strych- 
nine in the beginning is greater when large amounts of strychnine are present. 
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The only conceivable advantages in the use of a preparation of this 
sort are its highly probable nonabsorption in the stomach, and the 


absence from it of taste. Presumably the rat would receive no imme- 
diate physiological warning, 
to be absorbed by the stomach. ‘The amounts which would be surely 


lethal, however, are large and the cost of the commercial article is 


so great that the practicability of its use for rats is open to question 
at present. 


TABLE 7.—Tovricity of strychnine sulphate diatomaceous earth preparation to 


since no strychnine would be liberated — 


wild rats. 
Dose a 
z : strych- | sur- | Fatal-| Mor- 
Number of rats. Weight. see vivals.| ities. | tality. 
per kilo. 2 

Grams. | Milligrams. ‘Percent. 
Sie, eet Be ae ig Be ou eh eae SMA ee ens ee aS ee ee ae 126 to 328... - 10 2184 osc ee eS oe 
7 aR AoA ag el ENE ps ED aaa SL Oe = teal gee oy es CEN es 186 to 192... -. 20 AB Sat ae pa 
Ey arse sg Ee eis Saunton ete Seep ap ee ee a eee 105 to 360... . 25 44 4] 20 
Cae ep ee a ie ah a ae ee 130 to 136... ial she ae ee 100 
FA Gi SO ae ORL cd eee Nees ee 2 See 234 to 300.... 40 1 51 50 
Qe eee es Noo Pe ee Eee REN SS ooee la hey G3it0r S00 = —- 0) 4 65 55 


1 Material was suspended in starch paste so as to contain 1.0 per cent of the alkaloidal salt. 
2 Only 2 were spastic. 

3 Both were nervous. 

4 All were spastic. 

5 Fatalities occurred after second hour. 

6 Five died within 24 hours. 


EFFECT OF AGE OR DEVELOPMENT UPON TOXICITY OF STRYCHNINE. 


In experiments reported elsewhere (25) it has been shown that 
as the rat develops it passes through stages indicating in a functional 
way the development of its nervous system. Early during the nurs- 
ing or crawling stage the tolerance to strychnine is high. There 
is also a latitude between the minimum convulsive and the minimum 
lethal subcutaneous dose. By the time the animal acquires some 
physical dexterity the lethal dose falls to about the level of the 
convulsive dose. These rats then have only a few spasms pre- 
ceding death, while in the crawling stage when a lethal dose is 
administered many spasms usually occur. About the time the rat 
is capable of beginning an independent existence (25 days) the 
resistance begins to rise, and ordinarily no convulsions occur until 
the lethal dose is reached. The highest subcutaneous dose survived 
by the rats in the crawling stage is 2 milligrams per kilo. Just after 
this stage is passed (in the weaning stage) the lethal dose is ap- 
proximately 0.5 milligram per kile. At about the time of sexual 


maturity it is 3 milligrams per kilo, or six times that of the weaning 


stage tolerance. > 
DISPOSAL OF STRYCHNINE. 
In a series of experiments reported in detail elsewhere (26), it was 
found that the rat can always dispose of 33 per cent of a minimum 
lethal subcutaneous dose of strychnine in two hours; that about half 
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of the rats can dispose of 50 per cent; and that only rarely does one 
successfully dispose of 67 per cent. This was determined by in- 
jecting a series of rats with the minimum lethal subcutaneous dose, 
and at the end of two hours injecting those surviving with one of 
these fractional doses. 

Coefficients of this magnitude are representative of the experi- 
mental conditions obtained when the drug is maintained somewhere 
near the lethal concentration, because strychnine may be found in 
the urine of various animals for several days after similar injections 
are made. Coefficients obtained in this manner, therefore, apparently 
ean be applied only on a relative basis. To illustrate: The average co- 
efficient of disposal is 50 per cent the first two hours. The amount 
disposed of the second two hours is presumably only 50 per cent of 
the 50 per cent which remained at the end of the second hour. At 
the end of the fourth hour, if the application of the coefficient were 
by absolute amounts, no strychnine would be left, whereas on a 
strictly relative basis 25 per cent would still be present. For this 
reason halving the coefficients obtained for 2-hour periods probably 
gives results slightly low for the first hour. The data, nevertheless, 
illustrate the marked ability of the rat to withstand this drug, pro- 
viding the maximum sublethal concentration is not exceeded. An 
average rat, however, can eliminate a minimum lethal subcutaneous 
dose with certainty in four hours (26) and presumably in three 
hours, if the amount of strychnine is continuously kept near the 
lethal concentration. 

Because of this rapid disposal it is possible for the rat to survive 
many times the lethal subcutaneous dose when it is administered by 
mouth, providing the amount present within the system at any one 
time does not exceed the maximum sublethal dose. This also ex- 
plains why some animals (28) are extraordinarily resistant to strych- 
nine by mouth. In comparing the oral toxicity of strychnine in one 
species of animals with that in another, ratios of potency of from 1 
to 50, or even from 1 to 100, may be obtained. Analysis will show 
that the reason for so high a ratio may be that one of the animals 
used for the comparison is very sensitive and has an empty stomach, 
thus requiring only a small oral dose, while the other has a full 
stomach, retarding the absorption of the strychnine and increasing 
from 5 to 10 times the originally high species tolerance. Ratios of 
potency of this magnitude, therefore, must be considered as practical 
ratios only, rather than as the true indices of species resistance. 


ABSORPTION FROM STOMACH. 


In considering previously the absorption of strychnine from the 
stomach, the question of distinguishing between absorption by the 
stomach of a lethal dose of strychnine in the absence of food and in 
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the presence of food was raised. By using amaranth, which did not 
form a precipitate with strychnine in the concentration in which it 
was used, it was possible to trace the course of strychnine down the 
gastro-intestinal canal. In some instances the dye had penetrated 
into the duodenum or very close to the pyloris; in others the antrum 
of the stomach was filled by well-packed, semidry contents, the dye 


being in the cardiac and midportions of the stomach. Death in the ~ 


second case must have been due to absorption directly through the 
stomach wall. The possibility that the food filtered out the coloring 
matter as the strychnine solution progressed seems untenable because 
of the remoteness from the pyloris and the fluid character of the dyed 
material in contrast with the semidry material in the antrum. Prac- 
tically it would appear to make little difference whether death ensued 
by sufficiently accelerating or forcing a gastric absorption by a high 
concentration or by permitting a small amount to enter the small 
intéstine, or by a combination of both. These results do not indi- 


cate a marked absorption of strychnine in the stomach, although ~ 


death may ensue when the dose administered is very Stas greater 
than the subcutaneous lethal dose. 


RELATIVE TOXICITY OF STRYCHNINE TO GROUND SQUIRRELS, MICE, AND RATS. 


Table 8 shows the results of experiments on ground squirrels 
(Citellus richardsoni), the minimum subcutaneous lethal dose being 
0.7 milligram per kilo. The data show also that the ground squirrel 


is four or five times more susceptible to the poison administered 


subcutaneously than the rat. This is one of the two pharmacological 
reasons which make the successful poisoning of the rat more difficult. 
The case of ground squirrels differs somewhat from that of rats, 


since it has been shown by Piper (17) that the poison is absorbed — 


from the cheek pouches and that the lethal dose is also much less 
by this route than by the stomach. The range between the highest 
dose of strychnine survived and the lowest lethal dose in the experi- 
ments reported by Pierce and Clegg (20) for California, ground 
squirrels (C2tellus beecheyz) is so great that no accurate comparison 
of their data with those here reported can be made. 

According to Falck (6), the toxicity of strychnine administered 
subcutaneously to the mouse is about four times greater than that 
here reported for rats. According to Hunt’s data (Table 1) it is 
about two and five-tenths times more toxic. In the experiments 
herein reported large white and wild mice were tested with the same 
technique as that used for rats. It was found that 2 milligrams of 
strychnine sulphate per kilo injected subcutaneously proved fatal, 
1.5 milligrams being somewhat less certain. For these particular 
mice strychnine was about half as toxic as it was for rats. 
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The lethal dose per os was approximately three to five times the 
subcutaneous dose. Both the subcutaneous and oral experiments 
bore out the inference to be drawn from Boelter’s statement (3) 
that when administered orally it usually acts more quickly in mice 
than in rats. Owing to the great number of experiments required 
and the inability to obtain very large specimens, no attempt was 
made to study the effect of size, strain, and experimental technique 
upon the toxicity of strychnine to mice. Undoubtedly, however, 
the mice which have thus far been tried are more susceptible than 
rats and apparently they should be three or four times as easy to 
poison as rats. 


Taste 8.—Tovicity of strychnine sulphate adm inistered subcutaneously to male 
Richardson ground squirrels (Citellus richardsoni) .* 


Weight | strychnine sulph i 
J phate solution 
Date. Laas injected. Result. 
Milligram 
1920. Grams. | Per cent. Ce. per kilo. 
ANI eS Foe We oe Ak 160 0.05 0. 1.0 | Fatal spasm began in 28 minutes; 
e dead in 30 minutes. 
Denke co et we ee 5 280 .02 1.25 -9 | Fatal spasm began in 11 minutes; 
dead in 12 minutes. 
i acne Sage oe 339 02 1.18 -7 | Several mild spasms; partial abil- 
ity to recover; dead in 18 min- 
utes. 
AueGiais: Lebar Jed. S4 184 -O1 1.29 -7 | Hyperexcitability only; lived. 
1 D0 Seto ee a ee ee as 240 -O1 1. 44 -6 | Lived. 
DDS. 52 ee ALES: 190 -O1 95 Bt) Do. 


1 Acknowledgment is due Vernon Bailey, ofthe Bureau of Biological Survey, for procuring these animals. 


STRYCHNINE BAITS. 


White rats were given 1 per cent strychnine bait in the form of 
soft, mealy food containing about 20 per cent of fat. These rats 
were accustomed to such a diet, without the strychnine. That the 
bait was distasteful to them was evident from the way they rubbed 
their mouths on the floor and sides of the cage. Within about 15 
minutes most of the rats were unusually excitable and some had 
sought the wire netting on the sides of the cages for support, indi- 
cating that part of the strychnine bait had been consumed and 
strychnine absorbed. 

Obviously this muscle tenseness and excitability might cause the 
animal to become suspicious and cease eating. Strychnine baits of 
a type favoring rapid consumption are preferable. Although the 
food was left in the cages for more than 18 hours, only a few rats 
died. These results agree with those of practical tests showing that 
strychnine bait is not well eaten by rats. So much of the food was 
scattered that no attempt was made to estimate that which remained 
uneaten. 
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In a previous communication (23) it was shown that the average 
size of the meal consumed by hungry white rats was one one-hun- 
dredth of their body weight. Good practical poisoning results were 
obtained with barium carbonate by putting three times’ the amount 
necessary to kill (20 per cent) in the bait. If one-third of the 
average meal were consumed a fatal dose would be ingested. On 


‘this basis the efficient percentage of strychnine in a rat bait should | 


be 0.75 per cent, or 1 part in 183 parts of bait. This concentration 
will be useful in the preparation of baits that are tasteless and rapidly 
consumed. Practically, however, it may be found that more strych- 
nine will be required if such baits are not consumed quickly, or if 
the potency is decreased. 


Table 9 gives a list of baits, worked out by practical tests, which 


seem to contain a very liberal amount of strychnine for all animals 
other than the rat. The rat, however, is five or six times more re- 
sistant to strychnine administered subcutaneously (Table 1) than the 
ordinary domesticated rabbit. If these data for the domesticated 


rabbit are representative also for the jack rabbit, the liberality with 


which this animal has received strychnine in its bait and the short- 
comings of the rat bait will at once become apparent. The rat baits 
contain on the average but little more strychnine than the jack rabbit 
baits. The ground squirrel (C%itellus richardsoni) is four or five 
times more sensitive to strychnine than the rat (Table 8). These 
animals are killed by relatively much less strychnine because strych- 
nine is far more potent by way of the cheek pouches than when taken 
into the stomach. The difference between the concentration of 
strychnine in the ground squirrel baits and that in the rat Dai 
however, is not as marked as might be expected. 


TABLE 9.—Types of strychnine bait used for poisoning animals. 


Strychnine. ; 
Equivalent or BDPTOR 
. SSS ee 4.2 mate amount of strych- epee 
Bait. Form SEES nine sulphate in dry oo 
? : Ultimate 
in which at oats 
added. e 
Parts. | Per cent. 
Barley 2..-<-2 Sulphate. .| Sulphate... Ground squir- . 1-480 - 0.21 | Merriam (17). 
rel. 
Milo maize. ...|. Alkaloid..| Alkaloid. .| Prairie dog-... 1-290 35 | Bi. 158.4 
Dorestets Sulphate..}..- Gost Sth teee. Ges cc6adE 1-370 -27 | Bi. 158. 
DOS eee eee OS sso Pie do. 32 200 seen 1-360 .28 | Bi. 163. 
Mifaligasaes cles dois: Sulphate.) Jack rabbit... 1-257 SA) oper GSH 
Milo maize....| Sulphate} Alkaloid. .|.....do........| 1-366 to 1-262 |0.3t00.38 | Bi. 163. 
or alka- 
loid. - 
Barley: te: Sulphate..|..- dois. 2: Ground squir- 1-290 345 Piece and Clegg 
rely = 5 
Rolledtoats=4|{sdou srs Sulphatels|-Raths. soe = 1-170 to 1-210 }10.59t00.48 | Lantz (14). 
Wiheatsss-ce 2 Pee dss. a\e--d02 Sa eee dos: 3-252 1-200 2.50 Do. 
DO sss2 Ese dO. Jade dO | ee d0: 2.4553 1 1-400 3.25 | Rucker (21). 


1 Somewhat less on moisture basis. 
2 Estimate liberal. 
3 Allowing for presumable typographical error in original article; estimate liberal. 
4“ Bi.” refers to mimeographed circular letter giving directions for making baits, issued by the Bureau of 
Biological Survey, U.S. Department of Agriculture. 
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SUMMARY. 


The limit of tolerance of Mus norvegicus to strychnine admin- 
istered subcutaneously is from 3 to 3.5 milligrams of strychnine sul- 
phate per kilo. Of the comparatively few species of mammals for 
which accurate data are available, the guinea pig alone possesses a 
resistance greater than this. The existing data indicate that while 
the lower orders of mammals, such as the Chiroptera (bats) (24) and 
Insectivora (hedgehog) (19) (89), are at times more tolerant than 
the guinea pig and the rat, at other times they are less tolerant. 

The size of the subcutaneous lethal dose (species tolerance) remains 
constant when a certain definite experimental procedure is followed. 
General or mixed diets and seasons had no effect upon the species 
tolerance in the series of experiments reported in this bulletin. 

The rat shows a marked ability to dispose of strychnine. Under 
favorable conditions the calculated disposal amounts to 1 milligram 
per hour (one-third of a minimum lethal subcutaneous dose). Prac- 
_ tically, with the unfavorable experimental procedure used (discon- 
tinuous injections) it was slightly less than this. 

Immature rats differ from adult rats, both in the toxicity of and 
reaction to strychnine, which seems to be correlated with the func- 
tional development of their nervous system. 

The practically certain oral lethal dose of strychnine is from 20 
to 25 miihgrams per kilo of the free alkaloid, equivalent when cal- 
culated as the sulphate to from 25.6 to 32 milligrams. The ratio of 
the subcutaneous lethal doses to the oral lethal doses is about 1 to 
8 or 1 to 9. The reason for this high ratio in rats would seem to be 
that when less than a lethal dose has been given the stomach and its 
contents directly or indirectly hinder absorption. On this account 
the animal can prevent the accumulation of a lethal amount within 
the system by the rapid disposal. When a lethal dose is administered 
by mouth the fatality usually occurs within several hours. The rat, 
therefore, must be. overwhelmed by the drug; otherwise, it probably 
will survrce. At times this certainly involves the play of a usually 
subordinate function, gastric absorption. 

On the basis of its alkaloid content, the toxicity of two so-called 
tasteless preparations of strychnine (adsorption compound of dia- 
tomaceous or infusorial earth with strychnine sulphate) was found 
to be reduced by more than 50 per cent. 

Mice are more susceptible to strychnine than rats, both to subcu- 
taneous injections and to doses orally administered. 


20 It is to be hoped that the first opportunity presenting itself for a comparative test 
with Mus rattus will be accepted by those into whose hands these data fall. The sup- 
position that the toxicity of strychnine will be the same in both cases is not warranted, 
although it is legitimate to infer that this is true in the case of barium carbonate. 
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Ground squirrels (Citellus richardsoni) are about four or five 
times more sensitive to strychnine administered subcutaneously than 
rats. This helps to account for the comparative difficulty in poison- 
ing rats. 

The percentage of strychnine which would make a successful rat 
bait can not be stated at present. After the factors of rapid con- 
sumption and palatability are solved, it should be possible to obtain 
good results with 0.75 per cent of the alkaloid in potent form in the 
formula. This percentage represents three times the fairly certain 
fatal dose in a meal of the average size. It is probable that any 
success obtained with lower concentrations represents instances of 
fatalities from amounts smaller than can always be considered cer- 
tain or from larger amounts of bait than can always be relied upon 
to be eaten. Experiments herein represented should be continued, 
employing feeding tests with perfectly palatable strychnine baits, in 
order to determine how rapidly strychnine is absorbed from the 
particular bait. ‘Since the absorption may be very rapid, an in-- 
crease in the percentage of strychnine here given may be found 
expedient, even though the bait is eaten fairly rapidly. 
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